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ORFDWLRQ WR WKHVDPHDPRXQWRIGHXWHULXP LQMHFWHGFORVH WRDQDQWHQQD+RZHYHU LQFRQWUDVW WR/PRGH WKLV HIIHFW LV














DQWHQQD FOHDUDQFH DQG WKH JOREDO LQFUHDVH RI WKH GHQVLW\ ZLOO EH OLPLWHG GXH WR PDFKLQH SURWHFWLRQ DQG SODVPD
VFHQDULR OLPLWDWLRQV ,W LV WKHUHIRUH LPSRUWDQW WR H[SORUH DOWHUQDWLYH SRVVLELOLWLHV WR LPSURYH ,&5) FRXSOLQJ
SHUIRUPDQFH$WWKHVDPHWLPHDQH\HVKRXOGEHNHSWRQFKDQJHVLQWKHLPSXULW\SURGXFWLRQDVVRFLDWHGZLWKWKRVH
7ZRDGGLWLRQDOPHWKRGVWR LPSURYH,&5)DQWHQQDORDGLQJFDQEHXWLOL]HG LQ$6'(;8SJUDGH)LUVWDVKDVEHHQ






)LJ  VKRZV WKH ,&5) DQWHQQDVPLGSODQH JDV YDOYHV DQG WKH
UHOHYDQWORFDOGLDJQRVWLFV)RXU,&5)DQWHQQDVDWRDRSHUDWHG
LQ SDLUV DD DQG DD ZLWKLQ WKH G% K\EULG VFKHPH XQOHVV
PHQWLRQHG RWKHUZLVH ZHUH XVHG ZLWK WKH K\GURJHQ PLQRULW\
KHDWLQJ LQGHXWHULXP IRU WKHH[SHULPHQWVFRQVLGHUHG6WDQGDUG5)
VLJQDOV SURYLGH PHDVXUHPHQWV RI DQWHQQD UHVLVWDQFH 5D DYHUDJHG
RYHUERWKDQWHQQDIHHGHUV/LEHDPSURYLGHVGHQVLW\SURILOHDW WKH
HGJH DQG OLPLWHU VSHFWURVFRS\ PRQLWRUV GHXWHULXP DQG WXQJVWHQ
:LQIOX[HV*DVYDOYHVLQVHFWRUDQGVHFWRUDUHUHFHVVHGDQG
DOORZDWRURLGDODQGSROLRLGDOVSUHDGRIQHXWUDOVEHIRUHLRQL]DWLRQ
1HXWUDOVIURPWKHDQWHQQDYDOYHDUH LQMHFWHGDW WKH OLPLWHUDQGDUH
LRQL]HGFORVHWRWKHLQMHFWLRQSRLQW&RPSDUHGWRWKHVHWXSIURP>@
WKHDQWHQQDYDOYHZDVUHORFDWHGIURPDWRD,WZDVIRXQGWKDWLQRadiofrequency Power in PlasmasAIP Conf. Proc. 1580, 271-274 (2014); doi: 10.1063/1.48645402014 AIP Publishing LLC 978-0-7354-1210-1/$30.00271
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UDWH IURPWKHDQWHQQDYDOYHRI≈GHXWHURQV'V$W WKLV OLPLWDVWDUWVDUFLQJDW ORZSRZHU N:DQGDW
KLJKSRZHU!N:VXSSRVHGO\GXHWRWKHOLPLWHGSXPSLQJWKURXJKWKHRSWLFDOO\FORVHG)6
$17(11$/2$',1*,03529(0(17




VDPH UDWH +RZHYHU HYHQ ZLWK WKH GLIIHUHQW DUUDQJHPHQW RI WKH DQWHQQD
YDOYHDWDLQVWHDGRIWKDWDWDLQZUWWKH/LEHDPGLDJQRVWLFVDQ
HIIHFW RQ WKH GHQVLW\ SURILOH LQ WKH VFUDSHRII OD\HU 62/ LV QRW
GLVWLQJXLVKDEOHZKHQ XVLQJ WKH DQWHQQD JDV YDOYH 7KXV PHDVXUHPHQWV RI
WKH GHQVLW\ SURILOHV LQ VHYHUDO ORFDWLRQV LQ IURQW RI WKH DQWHQQDV DUH
QHFHVVDU\ 7KHVH VKRXOG EH DYDLODEOH LQ WKH IXWXUH >@ 3UHVHQWO\
VSHFWURVFRS\ PHDVXUHPHQWV RQ WKH OLQHV RI VLJKW /26V ORRNLQJ DW ERWK
VLGHV RID FRQILUP WKDW WKH LQFUHDVH RI GHXWHULXP LQIOX[ DIWHU WKH VZLWFK
RYHU IURPWKHYDOYH LQVHFWRU WR WKHDQWHQQDYDOYH LV ORFDOL]HGSRORLGDOO\
DQGWRURLGDOO\DW WKHORFDWLRQVGLUHFWO\DW WKHDQWHQQDYDOYHLQMHFWRUV2WKHU
/26VDWDVKRZVPDOOFKDQJHVRIGHXWHULXPLQIOX[
)RU FKDUDFWHUL]DWLRQ RI 5D LQ +PRGH GLVFKDUJHV  DQG 
ZHUHXVHGZLWK31%, 0:3,&5) 0:DW0+]DQG%W 7JDVUDWH
RI ⋅ 'V 7KH ZDYHIRUPV RI WKH ,&5) SRZHU WRJJOLQJ EHWZHHQ WKH
DQWHQQD SDLUV DQG WKH VFDQ RI DQWHQQDVHSDUDWUL[ FOHDUDQFH DWPLGSODQHΔU
ZHUH VLPLODU WR >@ 7KH GLVFKDUJHV ZHUH VWDEOH ZLWK QH ⋅ P OLQH
DYHUDJHGHQVLW\RQWKHFHQWUDOOLQHRIVLJKWRI'&1LQWHUIHURPHWHUDQGWKH+
PRGH SHUIRUPDQFH RI +≈ )LJ VKRZV WLPHDYHUDJHG 5D IRU HDFK
DQWHQQDEHWZHHQDQGGXULQJ(/0VGHSHQGLQJRQΔUIRUWKHFRQGLWLRQVZKHQ
WKH ZKROH JDV LQMHFWLRQ LV SHUIRUPHG IURP D VLQJOH PLGSODQH YDOYH IRU
GLIIHUHQW YDOYHV )LJ XVHV WKH FRORU DQG WKH V\PERO FRGLQJ IRU WKH JDV
YDOYHVDVVKRZQLQ)LJ)RUDDQGDDWOHDVWRI5DEHWZHHQ(/0V
FDQ EH JDLQHG ZKHQ XVLQJ WKH VHFWRU  YDOYH RU WKH DQWHQQD YDOYH
UHVSHFWLYHO\ )RU 5D DQG 5D GXULQJ (/0V WKH GLIIHUHQFH EHWZHHQ WKH
YDOYHV LV KLJKHU XS WR   ,QWHUHVWLQJO\ LQ FRQWUDVW WR WKH /PRGH
GLVFKDUJHVDVKRZVYHU\OLWWOHLPSURYHPHQWZKHQORFDOJDVYDOYHDWVHFWRU
 LV XVHG 7KXV WKH WRURLGDO SUR[LPLW\ RI JDV YDOYH >@ LV QRW WKH RQO\
LPSRUWDQW SDUDPHWHU IRU JDV YDOYH SODFHPHQW QHHGHG WR DFKLHYH WKH ,&5)





5D LV ORFDWHG GRZQVWUHDP LH WRZDUGV IORZ GLUHFWLRQ ZUWDZKHUHDV
WKH VHFWRUJDV ZLWKD VLJQLILFDQW HIIHFWRQ5D LV ORFDWHGXSVWUHDPZUW
D 7KH VPDOOHU HIIHFW RQ5D LQ +PRGH FRXOG DOVR EH LQIOXHQFHG E\ WKH




RI WKH 5) SRZHU GHSHQGHQFH RI 5D LQ WKH ORZ SRZHU UDQJH DQG WKXV D
FKDUDFWHUL]DWLRQ RI WKH DQWHQQD ORDGLQJ QRQOLQHDULW\ 7KH GDWD IRU WKH /
PRGH GLVFKDUJH  LV SUHVHQWHG LQ )LJ 7KH GLVFKDUJHV KDG
V\QFKURQRXVUHSODFHPHQWRI WKHSRZHU IURPRQHDQWHQQDSDLUE\WKHSRZHU
IURPDQRWKHUDQWHQQDSDLUWRNHHSWKHWRWDOKHDWLQJSRZHU3KHDW 3,&5) 0:
DQG WKH FHQWUDO SODVPD SDUDPHWHUV FRQVWDQW$ VPDOO LQIOXHQFH RI WKH ORFDO272
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DQWHQQDV D URXJK HVWLPDWH RI WKH PD[LPXP SRZHU UHTXLUHG WR LRQL]H
⋅'V \LHOGV  N: DQGZRXOG EH FRPSDWLEOHZLWK WKH REVHUYHG
SLFWXUH +RZHYHU RWKHU HIIHFWV OLNH PXOWLSDFWRU 5) VKHDWK ORVVHV DQG
GHQVLW\ GHSOHWLRQ GXH WR WKH (×% FRQYHFWLRQ DQG GXH WR WKH
SRQGHURPRWLYHHIIHFWFDQWDNHSDUWLQSURGXFLQJDVLPLODUGHSHQGHQF\,Q
DGGLWLRQDWOHDVWDSDUWRIWKHLQWHUDFWLRQVLVOLNHO\WRKDSSHQLQVLGHWKH
DQWHQQD ER[ DQGRU LQ WKH YDFXXP WUDQVPLVVLRQ OLQHV EHFDXVH RI WKH
LQFUHDVHG DUFLQJ SUREDELOLW\ DW ORZ SRZHU OHYHOV DVPHQWLRQHG DERYH




DVZHOODV WKHGHQVLW\SURILOH6R IDUQRGLVWLQJXLVKDEOH LQIOXHQFHRI WKH
VSHFWUXPRUWKHSKDVHRIWKHFRLOVRQWKHORDGLQJZDVIRXQG,QWKHFDVHRI
(/0PLWLJDWLRQ DQWHQQD ORDGLQJ LV KLJKHU DQGPXFK VWHDGLHU >@ ,Q WKH FDVHZKHQ (/0V DUH QRWPLWLJDWHG RU
PLWLJDWHGSDUWLDOO\DYHUDJHG5DEHWZHHQ(/0VLQFUHDVHVDVFDQEHVHHQ LQ)LJ IRUDDQGD LQZLWK




SURILOHV LQ WKH62/%HVWDJUHHPHQWRI)(/,&(LVREVHUYHGZLWKD7KH ODWWHUVKRZVDGLIIHUHQFH WRDDW WKHVH












WKH OLPLWHUV DUHDV IXUWKHU DZD\ IURP WKH YDOYH LQMHFWRUV VROLG OLQHV IRU
VPDOOΔU$WWKHVDPHWLPHDWWKH/26VZKLFKORRNGLUHFWO\DWWKHLQMHFWRUV
<: DQGΓ: DUH VWURQJO\ LQFUHDVHG GDVKHG OLQHV IRU DOOΔU7KLV LQGLFDWHV
WKDWLQWHJUDWLQJDJDVYDOYHLQVLGHWKHDQWHQQDLVQRWWKHEHVWRSWLRQLQWHUPV
RI LPSXULW\SURGXFWLRQ$YDOYHQHDUDQWHQQD UHVXOWV LQFRQVLVWHQWO\EHWWHU
EHKDYLRU LPSXULW\ZLVH8QIRUWXQDWHO\ QR VSHFWURVFRS\PHDVXUHPHQWV DUH
DYDLODEOHDWDZKHUHWKHEHQHILWRIORFDOJDVLQMHFWLRQIURPWKHYDOYHQHDU
DQWHQQDLVODUJHVWLQ+PRGHGLVFKDUJHV
,W KDV EHHQ SUHYLRXVO\ REVHUYHG >@ WKDW WKH SUHFLVH FRQILJXUDWLRQ RI
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7KH HIIHFW RI 1 RQ WKH ,&5) SHUIRUPDQFH LV LPSRUWDQW WR ORRN DW
HVSHFLDOO\LQWKHFRQWH[WRIWKHVXFFHVVRIUDGLDWLYHVFHQDULRVLQ$8*>@
:KHUHDVGRVLQJWKH1LQMHFWLRQIURPWKHPLGSODQHWRWHVWDSRVVLEOHHIIHFW
RQ DQWHQQD ORDGLQJ KDV SURYHG GLIILFXOW 1 GLYHUWRU LQMHFWLRQ LV XVHG
UHJXODUO\ ZLWK ,&5) ZKLFK SURYLGHV FHQWUDO KHDWLQJ WR DYRLG LPSXULW\
DFFXPXODWLRQ LQ WKH SODVPD FHQWHU )LJ VXPPDUL]HV ILQGLQJV IRU :
FRQFHQWUDWLRQ F: PHDVXUHG FORVH WR 7H  NH9 XVLQJ TXDVLFRQWLQXXP
VSHFWUDO OLQHV RI KLJKO\ FKDUJHV: LRQV DQG DYHUDJHG<: DQGΓ: DW DOO
/26V ORRNLQJ DW WKH OLPLWHUV RI D DQG D 3KDVHV ZLWK DD ERURQ
FRDWHG OLPLWHUV DQG DD DQWHQQD : FRDWHG OLPLWHUV SDLULQJ DUH
GLVWLQJXLVKHG )LJ  VKRZV WKDW WKH : VSXWWHULQJ DW WKH OLPLWHUV LV
HQKDQFHG E\ 1 DW ORZ DQG DW KLJK LQMHFWLRQ UDWHV +HUH WKH: VRXUFH





DQWHQQD ORDGLQJVLJQLILFDQWO\ERWK LQ/PRGHDQG LQ+PRGHGLVFKDUJHV
,Q+PRGHGLVFKDUJHVWKHWRURLGDOSUR[LPLW\RIJDVYDOYHZUWDQWHQQDLV
QRW WKH RQO\ SDUDPHWHU GHVFULELQJ WKH SRWHQWLDO EHQHILW RI WKH ORDGLQJ
LPSURYHPHQW 7KH GDWD VXJJHVWV WKDW WKH ORFDWLRQZUW WKH XSVWUHDP RU
GRZQVWUHDPVLGHVRIWKH62/SDUDOOHOSODVPDIORZVFDQEHLPSRUWDQW7KH
DQWHQQDYDOYHZLWK LQMHFWRUV FORVH WR WKH LRQL]DWLRQ ]RQH OHDGV WR D YHU\
ORFDO LRQL]DWLRQQHDUDQWHQQDDQG WRHQKDQFHGQRQOLQHDUDQWHQQDSODVPD
LQWHUDFWLRQV$PRUHIDYRUDEOHVROXWLRQLQ$8*LVWKHPLGSODQHYDOYHQH[W
WR DQWHQQD ZLWK LQMHFWRUV UDGLDOO\ UHWUDFWHG 6XFK YDOYH KDV WKH SRVLWLYH
HIIHFW RQ WKH ORDGLQJ ZLWKRXW WKH GUDZEDFNV RI LQFUHDVHG DUFLQJ
SUREDELOLW\DQG LQFUHDVHG ORFDO LPSXULW\ VRXUFHDQGHYHQZLWK DSRVLWLYH
HIIHFW RQ WKH ODWWHU 03 FRLOV FDQ LPSURYH WKH DQWHQQD ORDGLQJ E\
LQFUHDVLQJ WKH GHQVLW\ SURILOHV DW WKH SODVPD HGJH 7KH DFFRPSDQ\LQJ
PRGLILFDWLRQ RI : VRXUFH LV PRGHUDWH DQG VKRXOG EH VWXGLHG PRUH LQ
GHWDLOV LQ WKH IXWXUH ,QMHFWLRQRI1FDQEHVXFFHVVIXOO\XVHGZLWK ,&5)
GHVSLWHWKHHQKDQFHG:VRXUFH
$FNQRZOHGJHPHQWV7KLVZRUN VXSSRUWHGE\ WKH(XURSHDQ&RPPXQLWLHV XQGHU
WKH FRQWUDFW RI$VVRFLDWLRQ EHWZHHQ(85$720&&)( DQG ,33*DUFKLQJZDV
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